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AESIBACI 

This study was designed to determine if there were 
certain aspects of cognitive/personality style that affected 
prospective teachers' choice of problem-solving paradigm and 
presentation of inquiry. Fifty-six undergraduate elementary education 
majors -were given the Paratjxaph Completion Test, which measures 
conceptual level, and the Group Embedded Figures Test, which measures 
field-dependence-independence, along with a self-report instrument 
designed to measure choice of problem-solving method and presentation 
format. Results . suggest prospective teachers' choice of 
problem-solving paradigm is affected by their conceptual level and 
fie Id- dependence- independence. (Author) 
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Our view of human being as learner has changed ovqv time and at iJ resent 
includes a perspective which^ consist: of *'needs for excitement, novelty, sensory 
variation, and perhaps above^all the challenge of the probleirtatic (Getzels, 1974, 
p. lO)/' Of the numerous questions that we can raise concexmng the individual's 
meeting of this challenge is the question of whether problsm-solving approaches are 
orgajifnism dominated or stimulus dominated. That is to say, do particular individuals 
with specific cognitive/personality profiles approach problems in specific ways 
regardless of the nature and/ot^ difficulty of the problem, or rather do particular 
classes of problems by their nature suggest specific algorithras or approaches? If 
it is that the problem-solving approaches are determined by the person, two questions ^ 
which follow are: what specific approaches does an individual choose and what parti-* 
cular aspects of the individual suggest these approaches? If it is the latter that 
the problem approach is determined by the nature of the problem, we wonder in what 
ways trhe approaches to the problematic can be presented to be most effective in 
improving the individual's problem-solving ability aiad capacity? 

If individuals determine their o\m approach to problem solving as a "function 
of the cognitive/personality lenses through which they view the problematic, then it 
would be valuable to locate the ways, in which particular individuals construct know- 
ledge. This will provide us in education with a sense of trhere a particular individual 
perspective is grounded and we can v;ork toward engaging him/her in a personally 
responsive way and help this person beceme more adept at responding critically to 
diverse problematic situations. On the other hand, i£ particular classes of problems 
suggest their ovm problem-solving model, then we should make efforts to classify and 
group problems which share coinmon investigative approaches in order to help individuals 
organize the world they ei^qperience via the problematic which^ surrounds thera. 

The !fuestion of whether the situation or the person provides the lens for 
analysis is of vital concern to teacher education, .If it is strongly suggested that 
problems rather than people shape the perspective, then we in teacher education need 
to make efforts in at least two directions: one is to explore ways in which particu- 
lar approaches are structured and determine how and in V7hat ways thejpe structures are 
or -are not confluent with ether problem-solving models; and second, to help prospective 
teachers understand the;dynamics of the structures and the means by which structures 
are connected for a great deal of learning comes from reasoning by comparison and 
analogy. IiJhereas if the individual provides the lens, then educators need to consider 
at least two additional perspectives: one is to begin to determine the particular 
lenses that are used by a teacher as well as how these lenses affect her/his presenta- 
tions of problem situations and solutions; and second, is to make value judgements 
and decisions as to which models of inquiry appear to be most productive and determine 
ways in which prospective teachers can be redirected, 'if nacessary, eo as to develop 
more powerful investigative techniques. 

Some argue that "the development of the ability to solve problems is 
probably the most important aspect of one's education CEroutman & Lichtenberg, 1974, 
p. 590)." In this regard we need to consider u^hat, if any, effects manifested in 
teacher planning and presentation are stimulated by a problem's complexity icdr con- 
ceivably "different instructional procedures could activate different aspects of 
existing cognitive structures (Mayer 6:^Greeno, 1972, p. 165)" in students. 

problem Solving in Mathematics . 

These concerns likcvTise have specific value in the study of mathematics as 
problem solving is regarded as the "basic mathematical activity (Rosenbloom, 1966, 
p. 130)." A reading of mathematics curricula and research findings suggest that 
certain problem-solving medels are offered to students as effective procedures for 
constructing mathematical knowledge. The models may be separated into two groups 
-ind ly xrf.11 refer to one group as the Pelya method and th« other as the Dahmus 'mothod. 
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Polya's^ (1954,1957) method einphasizes the heuristic and provides a perspective of 
problem solving that is both economical and effective in computer performance 
(Kilpatrick, 1969), This method emphasizes understanding and directs the student to 
consider the problem in tex^uis of related problems, to consider specific sases of the 
problem, to guess, *and to locate the problem in a more zcnexal context. Variations 
of this approach are suggested by other mathematics educators (Thompson, 1976; 
Post & Brennan, 1976). Dabnus ^ (1970) -.method differs markedly from Polya's method 
in that: it suggests a trauslation,,process in which each verbal statement' is trans- 
lated into a correspouding mathematical statement. Here the emphasis is grounded In 
the particular problem and operationalizes a f>rocedure that is similar to constructing 
a jig-saw puzzle, piece by piece, without the necessity of considering the whole. 

Research in the area of problem solving in general, and in using- specific 
techniques in particular, has not produced a clear direction. for teaching problem 
solving in the mathematic classroom. Articles dealing with .the state of the art of 
problem solving up to less than a decade ago reflect conflicting results (Gorman, 
1967; Suydam, 1967; Kilpatrick, 1969), The compleixity of the situation is suggested, 
for example, by the research of Stillwell (1967) who found that mathematics teachiers 
gave only 37» of class time to duscussion of methods for problem solving; and only 77o 
to reflection on the procediires and implications of problem-solving techniques. In 
the past half-dozen years, studies which examined the different effects of different 
problem-solving techniques have not been successful in determining that any partly 
cular approach was, in general, more effective than any other (Post, 1968; Bassler, 
et al,, 1975; Post & Brennan, 1976)« One does find, however, a change in consciousness 
regarding the direction of emphasis in the problem solving area from the process to 
the person as expressed in the change in views found in the 21st and 33rd Yearbooks 
of the National Council of Teachers of Mathematics, The 21st' Yearbook, published 
in 1Q53, presents an article on problem* solving in which the authors suggest a 
unique process for solving mathematics problems (Henderson t Pingry, pc 233).' Hov/ever, 
the article on problem solving in the 33rd Yearbook, published in 1970, offers the 
conflicting opinion that "teachers should encourage questionirijg from the students, 
reward ii Afferent ways of solving the srsme problem, and use praise and recognition 
to encourage explanations of processes and concepts (Kinsella, p, 253)." 

The perspective that personality/cognitive factors exert an influence on 
the educational environment is a relatively new one in general and a particularly 
new one in problem solving in mathematics. Recent research has suggested that 
specific aptitudes might weH be responsive to particular educational environments. 
In particular, the research of Hunt (1970; and Tomlinson, 1971), and Witkin^ (1962, 
1973) have demonstrated that conceptual -level and field-dependence- independence are 
personality/ cognitive traits which relate to specific learning environments. Hunt 
and Joyce (1967) found that prospective teachers teaching style w^s related to their 
conceptual level: those teachers who had a low conceptual level were not able to ' 
radiate a reflective educational environment in which questipning and hypothesizing 
were encouraged, whereas those teachers who : had a high conceptual level were able 
to radiate such an environment, Witkin €5 Mbbre (1974); in, reviewing the research o^ 
f ield-dependence-indejperiderice foun^^ field-independent, people are more analytically 

oriented than fldld^dependaht people. 

With respect to teaching mathematics , there is some additional evidence 
confirming conceptual level and field-dependence as important deteirminants, Bien ■ 
(1974) found that f ield-dependent-^children increased their probLem solving success 
when presented with cognitive structuring techniques. And this inveaisigator 
(Gordon, 1977) found that prospective mathematics teachers with low conceptual level, 
in general, presented a rule prior . to presenting the examples in their lessons, while 
prospective teachers xrLth high conceptual level tended to .present examples prior to 
the rule, suggesting a high need for structure by those with low conceptual level 
and a low need for structure by those with 'high conceptual level. This inverse 
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relationship beti/een conceptual level and need for structure is in agreement with 
Hunt's thesis. 

Inasmuch as conceptual level is primarily a measure of cognitive complexity 
and field-dependence-independence a measure of perceptual differentiation, it was 
anticipated that viewing a crucial aspect of mathematics teaching; namely, problem 
solving, through both lenses would be of value in gaining a clearer understanding 
of the stimulus/organism question and whether or not these lenses pliay an important 
role in determining teacher presentation of problem-solving techniques. 

Method 

Fifty-six elementary education majors, mostly seniors, who v/ere students 
in the undergraduate course. Methods of Teaching Mathematics and Science in the 
Elementary School, v/ere the subjects in this study, ~ 

The prospective teacher^s conceptual level was assessed by the Paragraph 
Completion Test (Runt, et al., 1973). Subjects were asked to write at least three 
sentences for each of six topics; e.g., ''What I think hbout rules which x^ere 

scored according to Hunt's criteria for measuring need for structure. The complete 
response to each topic sentence received a score of from 0 to 2.5, depending upon 
the degree of conceptual complexity and/or interpersonal maturity. The average of 
the three highest scores indicates the conceptual level (CL) of the respondent* The 
prospective teacher^s field-dependence v/aa assessed by the Group Embedded Figures 
Test. (Oltman, et al,, 1971). Subjects were asked to locate a figure that is embedded 
within a field for eighteen different figures. The greater . the number of figures 
correctly disembedded from within a field the higher the degree of f ield-findependence* 
Additionally, the subjects were asked to write five sentences which would express 
how* they would teach each of tV70 mathematics verbal problems — simple and one more 
complex-»«and then write their oxm general procedure as to how to teach children to 
solve mathematics verbal problems. The simple verbal problem v;as: ''Billy walked 
three-tenths of a mile on Monday, five-tenths of a mile on Wednesday, and eight-tenths 
of a mile on Friday* Hovz far did Billy walk?" The more complex verbal problem v/aa: 
"Mr. Jones hsd a fence around his farm that was a mile wide by a mile long, Mr» 
Rivera had divided his farm into t\7o parts. Each part was fenced iu and was a mile 
long by a half-mile wide. Hho had more fence? And how much more?" 

The following hypotheses were tested: 

1, Prospective teachers who either were field-independent or had a 
high CL would choose the Polya method as thsir general approach to solving verbal 
problems while prospective; teachers who either were field-dependent or had a low 
CL would choose the Dahmus method as their general, approach. 

2. Prospective teachers who chose the Polya method would ask more 
questions than prospective teachers who chose the Dahmus method. 

Results 

To test the first hypothesis, conceptual level scores were partitioned 
into categories of Low, Medium, and High, determined by scores of 0-1.4, l.S'-l.S, 
and 2 and above (Hunt, 1971). The field-dependence scores were partitioned into 
three categories: relatively field-dependent (1-9) , intermediate (10-13), and 
relatively field-independent (14-18). From the subjects* general approach to solving 
mathematical verbal problems the approach was classified into the categories of 
Polya or Dahmus, depending upon their concern for understanding or translating the ■ 
problem, respectively. Chi-square analyses suggest, at .05 levels of significance, 
that prospective teachers who are relatively field-^lndependent or who have a high 
conceptual level tend to choose the Polya method while .relatively field-dependent 
or low CL teachers tend to choose the Dahmus method (Table 1). ■ 



TABLE 1 



CHI- SQUARE AblALYSES OF COWCEPTUAL LEVEL AND FIELD-DEPEITOEWCE 
WITH CHOICE CfF PROBLEM-SOLVING APPROACH- 



Conceptual Level 



Field-Dependence 





0-1.4 


1.5-1.9 


2!- 




1-9 


10-13 


14-18 




Polya 


3 


10 


21 


34 


8 


7 


19 


34 


Ddhmus 


5 


11 


6 


22 


12 


4 


6 


22 




8 


21 


27 


56 


20 


11 


25 


55 



x2« 6.62, df = 2 
p < .05 



6,08, df 2 



P < .05 



Using Chi-Square Analyses vzith Yates' correction, the second hypothesis 
was tested for both presentations. The results suggest, at .025 and ,001 levels of 
significance that prospective teachers v;ho chose the Polya method of problem solving 
asked more questions in both presentations than those who chose the Dahmus method, 
(It should be noted that there was d decrease in question frequency between the first 
and second verbal problems; this tnay be due to the increased complexity of the second 
as compared to the first verbal problem, ) 

TABLE 2 

CHI-SQUARE Al^LYSES OF PROBLEM- SOLVING APPROACH. WITH 
QUESTIOH FREQUENCY 



Verbal Pro'/^lem #1 (Siniple) 
question frequency 
none at leant one 



Verbal Problem #2 (Complex) 
question- frequency 
nona at least one 



Polya 


3 


31 


34 


5 .. 29 " 


34 


Dahmus 


9 


13 


22 


16 6 


22 




12 


44 


56 


21 35 


56 




x2 = 6.39, 


df = 1 




x2 = 16.78,df = 1 






p < .025 






p < .001 





Implications 

The results suggest that the cognitive/personality variables of conceptual 
level and field«dopendence- independence are related to choice of problem-'aolving 
mcthcd; i.e., it seems to be that problem-solving methods are organism dominated 
rather than stimulus dominated. The choice and presentation of the Dahimus method 
suggests that these prospective teachers prefer (or compensate by choosing) this 
mothod because it does not emphasize understanding of the problem^ and as such implies 
a more passive role in constructing mathematical knowledge. Whereas the choice and 
vpresentation of the Polya method suggests an ^active emphasis in approaching problem 
solving and as such implies a greateritdegree- of 'vcomf ort. and capability in constructing 
-mathematical, knowledge, / < . • ^ . ' > u \ ^ 



Teacher education programs concerned \7ith the teaching of mathematics should 
make prospective teachers aware of both the Polya and Dahmus methods for solving verbal 
problems. It seems likely that prospective teachers v/ho would choose the Polya method 
will have an easier time learning the Dahmus method, than vice versa. The choice of 
the Dahmus method as a teaching approach is seemingly limi.ted inasmuch as the choice 
implies that a narrow set of existing knowledge is sufficient for problem solution. 
Thus, in the context of the teacher as learner model, greater emphasis should be" 
given to solving many and diverse problems for those x^ho would choose the Dahmus 
method as some research (CJ^.rk & Peterson, 1976) on teachet training programs suggests 
that "the teachers rarely changed their strategy from what they had planned even if 
instruction was going poorly (p, 11)." In this regard, we need to consider how a 
particilar individual's conceptual level can be raised. Hunt (1971) suggests matching 
teachers and students so that the teacher's conceptual level is one stage above the 
student's; in this T7ay, the student's conceptual level x^ll be raised as the interac- 
tion continues. This investigator would agree with those v7ho believe "that a' 
prospective teacher should be assigned, vyhen it is feasible, to that training experi- 
ence that is likely to be most effective for him (Borich & Godbout, 1974, p. 4).'^ 

The present findings of a decrease in questioning movias accompanying an 
increase in problem complexity suggest additional considerations. Inasmuch as the 
Polya method emphasizes continued student- teacher interaction and encourages consid- 
eration of a vatiety of approaches to come to understand a problem, a decrease in 
questioning would tend to reduce the effectiveness of this approach. Thus, v7hile 

teacher education programs should emphasise "a personalized approach", a transcendent'^ : 

emphasis should be given to interactive inc^uiry. For example, since the research 
on conceptual level strongly suggests that low conceptual students profit from a 
highly structured environment, I v;ould suggest that our efforts to provide the 
needed structure be directed tov;ard developing an inquiry format where the questioning 
process V70U Id emphasize a greater frequency of questions of a limited nature. In 
this v;ay prospective teachers may come to value the inquiry process and possibly 
adapt this approach in their teaching style regardless of their conceptual level or 
degree of field-dependence. 



REFEREHCES 



Bassler, 0. C. , Beers, 11. I. , 6: Richardson, L. I. Comparison of two 

instructional strategies for teaching the solution of verbal problems. 
Journal for Research in Mathematics Education > 1975, 6i, 179-177. 

Bien, £• C, the relationship of cognitive style and structure of arithmetic 
materials to perfomiance in: fourth grade arithmetic. DAI 35A; 2040-2041; 
October 1974 • 

Borich, G, D, & Godbout, R. C. The effectiveness of two models of teacher 
training as a ^tinction of the personality and attitudes of the trainee. 
Paper presented at the annual meeting of the American Educational Research 
Association,. Chicago, 1974. 

Clark, C* , ^ Peterson, P, L. Teacher stimulated recall of interactive 
decisions. Paper presented at the amitial riieeting of the American 
Educational Research Association, San Francisco, 1976. 

Dahmus, M. E, How to teach verbal problems. . School Science and Mathematics , 
1970, 10, 121-138. 

Getzels, J. W. Images of the classroom and visions of the learner. In 
T. G. ravid B. D. Wright (Eds. ) , Learning Environments . Chicago: 
Univ. of Chicago Press, 1975. 

Gordon, H. Mathematics presentation as a function of cognitive/personality 
variables. Journal for -Research j;n Mathematics Education (in press). 

Gorman, C. .J. A critical analysis pf research on written problems in 
elementary school mathematics. DAI 28: 4818A-19A; December 1968. 

Henderson, K. B. , & Pingry,* B» S/ Problera-sdlvrnig ^ih W Irf'Tn^ 
Learning of Mathematics? Its T heor y and Practice^ T^veci ty-f irst Yearbook 
of the National Council of Teachers of Mathematics. Washington, D. C. : 
The Council, 1953. 

Hunt, D. E. Matching Models in Education . Toronto: Ontario Institute for 
Studies in Education, 1971. 

Hunt, D. E., 6 Joyce, B. K. Teacher trainee personality and initial teaching 
style. American Education Research Journal , 1967, 4, 253-259. 

Hunt, D. E. , Greenwood, J. A., Noy, J. E. , e Watson, Assessment of 

conceptUcil level: Paragraph Completion Method. Unpublished manuscrijit, 
Ontario Institute for Studies in Education, 1973. 

Kiipatrick, J. Problem-solving and creative behavior in mathematics. In 
Studies in Mathematics^ J. W» Wilson fit L. R. Carry (Eds.), .'Vol. XIX. 
Stanford: SMSG> 1969* 

ICinsella, J. J. Problem solving. "l!r"The Teaching of Secondary School 

Mathematics . Thirty-third Yearbook of the National Council of Teachers 
of Mathematics. Washington, D. C. : The Council, 1970. 



Mayer, R, Greeno, J. G. Structural differences between learning 

outcomes produced by different instructional methods. Journal of 
Educationa l Psychology., 1972, 63,, 155-173. 

Oltman, P. K, , Raskin, E., t Witkin, H. A. Group E mbedded Figures Test , 
Palo Alto: Consulting Psychologists Presa, 1971. 

Polya, G. How To SqIvq It . Garden City: Loubleday, 1957, 

Polya, G. Mathematics and Plausible Reasoning , Vol, I £: II, Princeton: 
Princeton University Press , 1954. 

Post, T. R. The e?.f€ects of the presentation o£ a structure of the problem- 
solving process upon problem- solving ability in seventh grade mathematics. 
DAI: 28, 454A; Mwember 1968, 

Post, T, Pv. , & Brennan, M. L. An experimental study of the effectiveness 

of a formal versus an informal presentation of a general heuristic process 

on problem solving in tenth-grade geometry. Journal for Research in 
Mathematics Education , 1976, 2* 59-64. 

Rosenbloom, P. P'-roblem making and Problem solving. In The Role of Axiomatics 
and Problem So.lvlTig in Mathemat i cs. Boston:' The Conference Board of the 
Mathematical Sciences (Eds.), Ginn, 1966* 

Stilvyell, M, E. The development and analysis of a category system for 
systematic observation of teacher-pupil interaction during geometry 
problem-solving activity. Ml: 28; 30S3A; August, 1958. 

Suydam, M, N. The status of research on elementary school mathematics. 
Arithmeti c Teacher, 1967, 14, 684-689. 

Thompson, M. Experiemces in Probity Solving . Reading: Addison-Wesley, 1976. 

Tomlinson, P. D, , ^ Hunt, D. E. Differential effects of rule-example 

order as a function o£ conceptual level. Canadian Journal of Behavioura l 
Science, 1971, 3, 237-245. 

Troutman, A. P, , ^ Lichtenberg, B. P. Problem solving in the general 
mathematics classroom. Mathematics Teacher , 1974, 67, 590-597. 

Uitkin, A., Dylc, B. , Faterson, H, Go, Goodenough, Di R. , MCarp, S. A. 
Psychological Differentiation . iSTfcw Yor Ic : Wi 1 ey , 1962. 

Witkin, H, A. The role of cognitive sjryle in academic performance and in 

teacher-student relations. Princeton: Educational Testing Service, 1973. 

Witkin, H. A» j ^ Moore, C» A. Cognitive stiyle and the teachings learning 

process. Paper presented at the annual meeting of the American Educational 
Research Association, Chicago, 1974^ 



9 



